Introduction: This study retrospectively analyzes primary extensor tendon repairs in children younger than 15 years. Methods: Exclusion criteria were skin loss, devascularization, fractures, or flexor tendon injuries. Fifty patients who had sustained extensor tendon laceration with 53 digits injured were available for review. Treatment consisted of primary repair of the extensor tendon injury within the first 24 hours. The results were assessed by means of total active motion system and by Miller's rating system. The mean follow-up was 2 years. Results: Although 98% of the digits were rated as good or excellent according to the total active motion system and 95% according to Miller's classification, 22% of the fingers showed extension lag or loss of flexion at the last follow-up. Discussion: Pejorative influencing factors were injuries in zones I, II, and III; children younger than 5 years (P G 0.05), and complete tendon laceration. Articular involvement had no significant influence on final outcome.
A s opposed to flexor tendon injuries, extensor tendon lacerations are frequently seen as injuries with good functional outcome. 1, 2 However, no publication, to our knowledge, evaluates the results after extensor tendon repair in children. The concept that extensor tendons in children can be immediately repaired in any zone with the expectation to regain favorable tendon excursion is not well established. Furthermore, the suture technique, the period of postoperative immobilization, and the influence of associated injury, age of the child, or zone of injury are still unclear. The aim of this study was to retrospectively assess the results after primary extensor tendon repair in children and to analyze the factors affecting the results as the effect of age of the child, zone of injury, incomplete or complete laceration, and the effect of association with articular involvement.
METHODS
From 1995 to 2005, 83 children who had sustained extensor tendon injury were treated in our institution. Patients with insufficient follow-up time or data, combined skin loss, devascularization, fracture, or flexor tendon injury were excluded from the study. Fifty patients with 53 digits injured were available for review. There were 29 boys and 21 girls. The mean age was 9.9 years (range, 12 monthsY15 years). The extent of laceration was classified as complete and incomplete. Complete laceration of the central slip was considered as a complete laceration. The children were divided into 3 age groups (1Y5 years, 6Y10 years, and 11Y15 years) to study the effect of age on digital function after repair.
The average postoperative follow-up was 2.2 years (range, 12Y60 months).
Treatment consisted of primary repair of the extensor tendon injury in all cases within the first 24 hours. The techniques used to repair extensor tendons varied according to the location of injury and the extent of laceration: interrupted or running suture, mattress technique, modified Kessler technique, sutures using polydioxanone. Associated articular wounds were explored and washed out with normal saline solution, and the patient received prophylactic antibiotics for 2 to 7 days, depending on the degree of the initial contamination. After the procedure, patients were immobilized using conventional static splinting or in a closed cast for 4 weeks in average (3Y6 weeks). We did not use any early motion program.
All At follow-up, the range of motion was measured in metacarpophalangeal (MCP), PIP, and DIP joints of the injured digit and of the corresponding uninjured digit on the other hand.
The results were assessed by means of total active motion (TAM) system as recommended by the American Society of Surgery of the Hand (ASSH) and by Miller's rating system (Table 1) .
Total active motion values obtained for the injured finger were compared with the active range of motion of the contralateral finger as a percentage of the patient's normal value for that finger. The codification was applied according to Kleinert and Verdan 3 (Table 2) .
Grip and pinch measurements were not assessed as the interpretation of these tests is considered difficult in patients younger than 6 years.
The number of digits affected, rather than the number of tendons lacerated, was selected as the unit of analysis. The results were then analyzed using the W 2 test of significance with a P G 0.05 denoting a statistically significant difference.
RESULTS
Extensor tendon repair was performed on 11 thumbs and 42 fingers (Fig. 1) . Thirty-nine lacerations (74%) resulted from a cut with a sharp object (glass, knife, scissors, etc). The right side was involved in 27 digits (51%). For the injured fingers excluding the thumb, TAM averaged 287 degrees (205Y305 degrees). Overall TAM for the thumb averaged 168 degrees (150Y180 degrees).
Fingers
The index finger was involved in 17 cases, long finger in 13, ring finger in 7, and small finger in 5. According to Verdan classification system, 10 lacerations were in zone I, 5 in zone II, 8 in zone III, 5 in zone IV, 13 in zone V, and 1 in zone VII. The laceration was complete in 16 cases.
Associated injuries with joint capsule damage were encountered in 19 cases. Total active motion averaged 98.6% (range, 89.6%Y100%) of the patient's unaffected hand. According to ASSH classification, 34 digits (81%) were classified as excellent, 7 (17%) good, and 1 fair (2%). According to Miller's scoring, 34 digits (81%) were excellent, 6 (14%) good, and 2 (5%) fair. Four digits showed extension lag (10%), and 5 showed loss of flexion (12%) at the last follow-up.
Combined Injury
When the joint capsule was injured, TAM averaged 98%, and 18 of 19 fingers were rated as excellent or good according to Miller's classification. Extension lag was present in 3 and flexion loss in 3. This did not differ significantly from fingers without associated injuries (P 9 0.05).
Zone of Injury
Zones I, II, and III injuries produced a higher percentage of extension lag (4 digits) than did more proximal injuries. Zones IV through VII fared considerably better than zones I to III with no extension lag and excellent or good results according to ASSH or Miller's classifications.
Age
There were 12 children younger than 5 years, 13 children between 6 and 10 years old, and 25 between 11 and 15 years old. Injuries in children younger than 5 years produced a higher percentage of extension lag than did injuries in the older ones. This was statistically significant (P G 0.05). There was no significant age-related functional difference between the 2 other groups.
Incomplete/Complete Injury
All fingers with incomplete laceration had good or excellent results according to ASSH or Miller's classification systems. Fingers with complete lacerations (16 cases) showed extension lag in 3, and 2 had fair results according to Miller's classification system. However, these differences between the 2 groups were not statistically significant (P 9 0.05), but there was a tendency toward better results in the incomplete laceration group.
Thumb
For the thumb, tendon lacerations occurred in zone T1 in 3, zone T2 in 1, zone T3 in 3, zone T4 in 1, and zone T5 in 3. The results were good in 2 cases (according ASSH and Miller's system), with a TAM of 90% and 94.11% of contralateral side, and excellent for the other 9 thumbs. 
Complications
One patient sustained a postoperative infection and was reoperated on for debridement. There has been no tenolysis to improve range of motion.
DISCUSSION
Digital performance following extensor tendon repair in children have not yet been published, to our knowledge. The results after such injuries in children must be extracted from general studies concerning adults and children. 4Y8 The aim of this study was thus to give global results after almost isolated extensor tendon injuries in children and to analyze the prognostic factors as age of the child, zone of injury, complete versus incomplete laceration, and articular involvement.
Global Results
The results of this study showed that primary repair after extensor tendon laceration in children leads to excellent or good results in more than 95% according to ASSH classification and in more than 90% according to Miller's scoring. However, these classification systems were initially designed for adults and give probably too optimistic results in children. Indeed, 14% of injured fingers showed extension or flexion deficit at the last follow-up. Miller's classification takes into account the extension lag from the neutral position. In children younger than 5 years, IP or MCP hyperextension is frequent. A good result according to Miller's evaluation means a 5-to 10-degree drop of the extensor: if we compare the extension lag to the normal extension of the noninjured contralateral digit, results will probably be less optimistic.
Combined Injuries
It is well known in adults that the excellent and good results in patients without combined injuries are significantly better than in patients with combined injuries. 9 Indeed, in extensor tendon injuries in which the periosteum of the bone is injured, adhesions develop that limit recovery. 10 Our study seems to demonstrate that, in children, extensor tendon injuries combined with joint capsule injury do not adversely affect outcome.
Complete Versus Incomplete Tendon Injury
As mentioned in other studies, 11 no statistically significant difference in end result was found between incomplete and complete laceration. However, in our study, according to Miller's classification system, the group with total lacerations had 13% of fair result with 19% of extension lag. The group with limited tendons injuries always resulted in excellent or good results. There is a clear tendency toward poorer results in the complete tendon laceration group.
Zone of Injury/Age
As reported in literature, 12 our cases with complete transection of the tendon in zones I, II, or III often lead to extension deficit and had the highest percentage of fair or poor results. The excursion of the extensor digitorum communis was reported at 2 or 3 mm at the PIP level and at 0 mm at DIP. 10 In children, especially those younger than 5 years, excursion is probably less in small fingers. After complete transection at the DIP or PIP joint level, an IP joint flexion during the postoperative immobilization period may contribute to scar elongation and resultant extensor lag. 9 Injuries in children younger than 5 years produced a higher percentage of extension lag than did injuries in older children. The reason is probably because small fingers are more difficult to immobilize in the postoperative period. In this age group, from birth to about 5 years old, problems of immobilization are extremely difficult to solve, and little cooperation can be expected in the postoperative period. In 1958, Bell and associates 13 reported, in flexor tendon injuries, the necessity of strict immobilization with an above-elbow cast, especially in children younger than 6 years. Wakefield, 8 in 1964, also found that problems of immobilization in the very young are extremely difficult to solve.
In these cases with total transection in zones I, II, or III, we now think it is necessary, especially in children younger than 5 years, to transfix the IP joint in extension with a smooth Kirschner wire during postoperative immobilization period. 13 We used this technique only in few cases but until now, we had no pin infection or phalanx epiphysiodesis, and there was no growth problems at the last follow-up.
ImmobilizationVEarly Mobilization Program
Published results in adults showed controversy as to which method of rehabilitation is most effective. Dynamic splintage was found to be a satisfactory method after extensor repair.
11,14Y16 Others 17,18 found that static splinting was an effective and safe method of management after extensor tendon repair. In our experience, we chose not to use any early motion program as little cooperation can be expected in the postoperative period. Wakefield 8 also found that children have the capacity to recover by themselves rapidly. Problems after tendon injuries in children are mainly related to tendon ruptures or callus lengthening, and we had no case of tendon adhesion or joint contracture. However, these observations must be relativized with teenagers who should be rehabilitated like adults.
Limitations of the Study
This is a retrospective study with only 50 patients available for review. There are many variablesVzone, age, open or closed joint, suturing technique usedVthat make the comparison between these small groups difficult. However, isolated extensor tendon injuries are uncommon, especially in children younger than 10 years. Only 83 patients had repairs in 10 years; in other words, only 8 patients per year, that means 1% of pediatric hand traumas operated in our institution. Most tendon injuries in children are due to the grasping of or falling on sharp cutting surfaces such as glass with mainly palmar aspect of the hand involved with flexor tendon injuries. 7, 19 Many extensor tendon lacerations occur after a crush with associated skin loss or bone injuries. This is probably the reason why no publication assessed results after isolated extensor tendon repair in children. The results presented here must be interpreted as preliminary results, and a major review with higher number of patients is necessary.
